This paper examines whether a permanent increase in the supply of immunisations reduces or intensifies the gender bias in immunisation against female children in India. It also investigates the effect of duration of exposure to the supply shock on gender bias. The variation in the implementation of the Integrated Child Development Services (ICDS) programme across both regions and time is exploited for the analysis. Estimations use data from the 2005-06 Measure DHS survey in India. We find that the increased supply of vaccinations due to the programme initially increases the gender inequality in immunisation but that this increase disappears over time. Our results indicate that the programme has saved approximately 1.72-1.84 million children, of which about 70% are boys.
Introduction
In this paper we analyse the effect of the Integrated Child Development Services (ICDS) programme initiated by the Indian government in 1975 on the gender difference in child immunisations. The ICDS programme aims to provide child immunisation services, supplementary feeding and nutrition, and childcare education to young mothers across India via childcare centres, or anganwadi centres. ICDS is currently the largest early childcare programme in the world, with over 748,000 centres operating across the country as of 2006 according to the Ministry of Women and Child Development (MWCD). 1 We examine whether the programme reduces or intensifies the bias against female children with regard to immunisation. We also examine how the effect of the increase in healthcare supply on gender bias varies over time. The policy implications of this research are crucial given the twin objectives of increasing access to healthcare and reducing inequality in developing countries. Increasing access to healthcare for children is an important part of the Millennium Development Goals. But if the effect of increased access is to worsen and make permanent already existing inequalities, then additional solutions need to be found to prevent this from occurring. This paper makes two contributions to the literature. The first is an examination of the effect of a permanent increase in healthcare supply on the level of gender discrimination in immunisation over time. The response of the gender difference in immunisation to supply shocks has been addressed previously in Oster (2009a) . Oster analyses the effect of a continuous increase in healthcare supply on mean differences in immunisation between boys and girls at the village-level, using number of health-camp visits to the village as a measure of healthcare supply. The results show a non-monotonic response with an initial increase in gender inequality that eventually dissipates. The ICDS programme provides a similar downward shock to the cost of immunisations for households. However, Oster (2009a) exploits continuous variation in supply at a given point in time. We, on the other hand, are interested in how variation in the length of time households are exposed to a supply shock of fixed intensity affects their response. We find that exposure to the programme widens the male-female disparity in vaccinations by 0.022-0.025 immunisations. The increase in gender difference is also greatest for households that have been treated for the least amount of time; a result that can be considered analogous to Oster's finding higher gender differences in households that receive fewer health-camp visits.
The second contribution of this paper is to the literature regarding the ICDS programme itself. To the best of our knowledge, this is the first paper that attempts to evaluate the effects of the ICDS programme on gender discrimination in immunisation levels. The results have significance for policy, given the large size of the programme and its consequent potential to alter gender allocations in child health investments.
Section 2 presents background information on the causes of gender bias against women in India, and details on the implementation of the ICDS programme. Section 3 describes the data and the empirical methodology used in our analysis. The results from the analysis and robustness checks are presented in Section 4. Finally we discuss the implications of our results for policy and the gender ratio in India in Section 5.
Background
Discrimination against Indian female children in the provision of nutrition and health care is often identified in the economics literature as the root cause of the large gender ratio imbalance observed in the Indian population. In the 2001 Census of India, the female-male gender ratio (the number of females divided by the number of males in the population) was as low as 0.861 and 0.874 in the states of Haryana and Punjab respectively, and an even lower 0.821 in the national capital Delhi (Census of India (2001)). The literature on intra-household resource allocation in India has established a pattern of discrimination against female children in the provision of nutrients (for e.g. see Rose (1999); Behrman (1988) ; Sen and Sengupta (1983) ; Rosenzweig and Schultz (1982) ). The demography literature has also shown evidence that the bias against girls in India affects household fertility patterns, as well as provision of health investments such as breastfeeding and immunisation (Mishra et al. (2004); Pande (2003) ; Marcoux (2002); Clark (2000) ; Arnold et al. (1998); ). This discrimination manifests in excess female child mortality, which creates the observed imbalance in the population gender ratio. 2 Gender bias in India is driven by a combination of sociocultural and economic factors which determines the net utility from each gender. Aside from the consumption value of children, parents broadly derive economic utility from their children from wage earnings, labour in agricultural production, and security in illness and old age (Bardhan (1974) ; Arnold et al. (1998) ). Sons traditionally stay with the family and work the household land or contribute to household earnings, and bring additional labour when the wife joins the household. There is an additional premium brought to the household by male children in the form of a very large dowry at the time of marriage. In contrast to sons, daughters bring several costs to the household. The most important of these costs is a very large dowry that is customarily paid by the daughter's family to the husband's family at the time of marriage (Kishor (1995) ). This dowry is traditionally very large (up to several multiples of annual earnings), and places a tremendous financial burden on the parents of the female child. Also as mentioned previously, daughters become a part of their husband's household after marriage. Their labour on agricultural land is therefore lost to their natal household. There is an additional large opportunity cost of the time required to arrange a daughter's marriage, and to protect her chastity while she is unmarried.
ICDS Programme
The ICDS programme was begun in 1975, and is currently the world's largest early child development programme. The programme offers a package of health and educational services to children under the age of 6 and their mothers, all of which are provided at anganwadi centres which operate at the level of the village. The services offered include health check-ups, treatment of worms and diarrhea, growth monitoring, provision of micronutrient supplements, health and nutrition education to mothers, preschool education, and child immunisation. Since its inception, the programme has been expanded extensively; the number of administrative blocks covered rose from 33 in 1975, to more than 6,118 in 2006. 3 By 2006, the programme services were being provided to 46.7 million children and 9.5 million pregnant and lactating women through 7.48 million anganwadi centres across the country (MWCD (2009)).
The ICDS programme has been evaluated previously with respect to its impact on child nutritional outcomes. Deolalikar (2004) finds a 5% reduction in the probability of boys being underweight in villages with an ICDS centre, but finds no significant association for girls. Lokshin et al. (2005) however, find no significant effect of the programme on nutritional outcomes upon using propensity score matching methods. The impact of the programme on child immunisation has yet to be empirically investigated.
An important aspect of the programme that is relevant for our analysis is how it is placed regionally. Specifically, since we are analysing the effects of the programme on gender bias in immunisation, we must ensure that the programme is not targeted to areas with systematically different levels of gender bias in immunisation levels. According to the official programme policy, the targeted beneficiaries are children up to the age of 6, pregnant women, and mothers who belong to the poorest sections of society and reside in backward rural and tribal areas or urban slums. While there is no explicit evidence that the programme also targets populations where female children are discriminated against with respect to immunisation or other health inputs, it is possible that it does so incidentally if such gender discrimination is more severe among poorer communities.
To further alleviate concerns regarding bias from programme targeting, we run placebo regressions and implement a difference-in-differences procedure to validate our results. We also perform checks on the probability of programme coverage at the state level. The results of these analyses are presented in our robustness checks section.
Data and Empirical Strategy
We use the 2005-06 round of the Measure DHS survey in India, which contains detailed birth histories, child health, and maternal health information for over 100,000 women aged 15-49 years. Detailed immunisation information is available for all children born during [2001] [2002] [2003] [2004] [2005] [2006] . Information on whether the household is covered by an ICDS centre and the number of years the ICDS centre has been open is also collected as part of the survey. To preserve homogeneity of the sample we only consider women who are currently married and have only been married once. We also only retain women who have had a total of six births or less as the sample size shrinks rapidly by birth order after this point. 4 From the sample described above, Figure 1 shows the number of new villages introduced to the ICDS programme every year since the inception of the programme in 1975. In the first six years of the programme except for 1980, less than 50 new villages were covered by the programme annually. 1982 appears to be unusual year, with 233 villages in our sample being introduced to programme coverage. The number of villages included in the programme annually then becomes more stable. The set of vaccines supplied by the government and delivered 4 The full sample for which vaccination data is available consists of 51,555 children and 36,850 women. We remove 735 women who are not currently married, and an additional 762 women who have been married more than once. (2005)). As all the nine vaccines currently provided under the ICDS programme have only been part of the delivery package since 1985, we remove women who reside in villages that were treated before 1986 from the sample, in order to preserve comparability in the treatment package received across households. This leaves us with a twenty year period to analyse programme effects. This length of time period for our analysis also serves to create symmetric categories by length of coverage, and remove the early outlier years of programme implementation from the sample. 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
Immunisations and Household Characteristics
There are nine total vaccinations on which data is collected for children born during the period 2001-2006, the six years leading up to the survey. These are the BCG vaccine, Measles vaccine, four rounds of the Polio vaccine, and three rounds of the DPT vaccine. We use the total number of vaccinations received by children born during these years as our measure of child health investment. Table 1 presents mean vaccination levels by child gender for each of the six birth cohorts in the sample trimmed by birth order and marriage. For every cohort barring that born in 2006, the mean number of vaccinations received by boys is greater than the mean for girls, with boys receiving 0.10-0.30 more vaccinations on average. For the cohorts born in 2001, 2003, and 2005 , the difference in means is statistically significant. The lack of a similar difference in immunisation levels for the youngest cohort is not surprising, as vaccinations are acquired over time. Notes: Means are reported for the sample trimmed by marriage and birth order. The nine vaccinations covered are the BCG vaccine, Measles vaccine, four rounds of the Polio vaccine, and three rounds of the Diphtheria (DPT) vaccine. ** Significant at 1% ; * Significant at 5%. Table 2 reports the total number of villages and households in the trimmed sample, along with figures on ICDS coverage. There are a total of 3,056 villages, of which 1,999 have an ICDS centre. 27,495 households and 38,435 children make up the final sample. Table 3 shows descriptive statistics of important determinants of parental demand for child immunisation from the trimmed sample. Mother's educational attainment takes integer values from 0 to 5, where 0 indicates no education and 5 indicates education beyond secondary school. Birth order is measured in ascending order, with smaller numbers denoting older births. Other variables include the succeeding and preceding birth intervals in months, mother's age in years at the time of the child's birth, and the mother's report of the child's smallness at the time of birth. These variables help us to ascertain the child's health endowment, which is a crucial determinant of health investment. Finally, we also consider various sibling composition variables such as previous living sons and previous living children, which have been shown to affect demand for child health investments in India given the prevailing bias against female children.
In Table 4 , we present the differences in means and proportions of various household and mother characteristics by ICDS coverage from the estimation sample. Nearly all the differences are highly significant, illustrating that the programme is targeted to low income households. Mothers in ICDS-covered villages are much Notes: Statistics are reported for the trimmed sample used for regression analysis. Preceding and succeeding birth intervals are reported conditional on there being a preceding or succeeding birth respectively. more likely to live in a rural area, to have married younger, to have given birth earlier, and to live in a house with a dirt or clay floor. They are also much less likely to have completed primary or secondary education, or live in a household that owns a radio, motorcycle, car, or refrigerator. We therefore control for several household wealth indicators in our analysis. While we cannot be certain that we have included all possible wealth indicators that determine selection into treatment, we present robustness checks to reduce concerns of bias from any omitted wealth factors. Notes: Means and proportions of mother and household characteristics are reported for the trimmed sample used for regression analysis. ** Significant at 1% ; * Significant at 5%
Empirical Strategy
To estimate the first order effect of the programme on gender bias in immunisation, we use the following specification:
I ih is the number of vaccinations received by child i in household h, where each mother in the sample is treated as a single household. The dummy variable girl ih equals 1 when child i is a girl. ICDS h is a dummy variable for whether the household is covered by an ICDS centre. In addition to these regressors, we include a vector of child-specific and household covariates X ih and a household (or mother) fixed effect η h . Child-specific unobservables are included in θ i , and ε ih is an idiosyncratic error term. The beta coefficients in (1) will allow us to ascertain the effect of child gender on child immunisation level, and the marginal effect of ICDS policy coverage on any prevailing gender bias in immunisation. The X ih vector contains various other household and child-specific variables that may influence the number of vaccinations child i receives, such as number of previous children and previous sons, a dummy variable for whether there is at least one previous living son, birth order, and mother's education and age. In addition to controlling for birth order and sibling gender composition, we also include a dummy variable for whether the child in question is the first-born child to the household. This is to control for the documented parental bias in favour of the firstborn child.
To capture the effect of child gender on demand for immunisation without any bias or confounding effects, we must attempt to control for the child's health endowment as best as we can. To do this we include the variables discussed previously, namely preceding and succeeding birth intervals, mother's age at birth, and mother's report of child smallness. While other studies have relied on birth weight rather than reported birth size, we argue that the latter is the correct variable to use as it is the parents' perception of the child's health endowment that influences their decision to immunise. Finally, to control for the effects of household wealth on immunisation and the probability of ICDS centre coverage, we include several household wealth indicators such as whether the household owns a refrigerator, a radio, a bicycle, or a car, the materials from which the house is constructed, the form of toilet in the house, and whether the household has electricity. We also include the DHS household standard of living index which is calculated using several indicators of household wealth. 5 Regional effects are controlled for by including state and village fixed effects.
It is possible that there are still omitted household unobservables that influence both gender bias and the level of child immunisation. Including the household (or mother) fixed effect η h allows us to control for these potential sources of bias, but doing so also mitigates the household response to the price shock that is driven by other unobservables such as traditional attitudes or personal biases. As this is precisely the household response we want to capture, including the household fixed effect may dampen our coefficient of interest. We therefore present results from estimations both with and without household fixed effects. There is also a concern that child-specific unobservables in θ i bias the coefficients of interest. These unobservables are part of the combined error term u ih = θ i + ε ih which is possibly correlated with the regressors. We minimise this possible source of bias by including child-specific regressors that control for the health endowment at birth and birthyear dummy variables. It is in any case unlikely that child-specific heterogeneity is correlated with the probability of ICDS coverage once we control for regional and household variables. It is also reasonable to assume that child-specific heterogeneity is uncorrelated with child gender, once we control for health endowments.
Dynamic Effect of Supply Shock on Gender Inequality
Logically, the response of the gender difference in immunisation to a permanent price shock should vary with duration of exposure to the shock. Lags in information dissemination or lack of awareness may prevent households from immediately taking advantage of the new supply of child vaccines. Or it is possible that when the new supply becomes available, the initial response of households is much larger than in later periods due to pent-up demand. To examine whether the programme effect on the gender difference is sensitive to duration of exposure, we expand the specification in (1) to include the second order effects of time as follows: 
Here, ICDS h,6−10 is a dummy variable which equals 1 if the ICDS centre has been open for 6-10 years. Similarly, ICDS h,11−15 and ICDS h,16−20 are dummy variables which equal 1 when the ICDS centre has been open 11-15 years or 16-20 years respectively. The omitted category is ICDS centres that have been open for 0-5 years. We also estimate the specification dividing length of treatment into fouryear and two-year categories, again using the children most recently treated as the omitted category. Each dummy variable for duration of coverage is also included separately without interactions in the specification with state fixed effects.
We estimate the specifications in (1) and (2) using a Poisson event count data model. While this procedure accounts for the discrete nature of the outcome variable, the frequency of children by number of immunisations received, shown in Figure 2 , does not approximate the Normal distribution. There is also overdispersion in the data. We correct for this using a quasi-maximum likelihood procedure which allows for the computation of robust standard errors, and produces consistent estimates relying only on the conditional mean assumption even if the Poisson distribution is misspecified (Wooldridge (1999) ). This procedure conveniently deals with the overdispersion problem, as no variance function is required to be specified. We also implemented OLS regressions to verify the results from the Poisson regressions. The main findings do not change between the procedures, so we discuss only the magnitudes of the results from the Poisson regressions. 6 Results are reported for each specification with state, village, and household fixed effects. The state fixed effects procedure is useful to obtain an estimate of the main programme effect, which gets absorbed in the fixed effects in the latter two procedures. As the ICDS centre coverage for households is reported at the level of the village (the primary sampling unit) within each state, we cluster the standard errors at the village level. The results are discussed in the next section. Tables 5, 6 , and 7 present results from the estimation of (1) and (2) with state fixed effects, village fixed effects, and household fixed effects respectively. 7 The first colwere also attempted to correct for the over-dispersion, but convergence proved difficult. Allison and Waterman (2002) have also shown the procedure not to be a "true" fixed effects model in the majority of cases. 7 With regard to the household fixed effect specification, the coefficients are however not readily comparable to those in the village and state fixed effect specifications as the estimation procedure only uses the sub-sample of households with more than two births in the years [2001] [2002] [2003] [2004] [2005] [2006] . These households are likely to be qualitatively different from those that are excluded. We were also unable to achieve convergence during the household fixed effects estimation when including mother's age at birth, most likely due to lack of variation or collinearity with other regressors. However we estimated the specification again including this variable but without robust standard errors to simplify the algorithm, and this did not change the values of the other coefficient estimates. Hence we can be umn in each table reports the coefficient on the gender dummy. In all three tables the coefficient is negative and significant, indicating that on average girls receive 0.02 fewer vaccinations than boys. The ICDS programme effect, also reported in the first column of the state fixed effects table, is to increase vaccinations by an average of 0.046 per child. While this estimate appears small given the possible nine vaccinations each child can receive, it should be viewed in light of evidence from India and other countries that each incremental immunisation significantly reduces the probability of child mortality (Lee (2005) ; Bawah et al. (2009) ). Hence, a positive and significant programme effect can be interpreted as having an impact on child survival. The treatment and gender interaction term in the third column is negative in all three specifications, and significant in the state and village fixed effect specifications. The results suggest that the supply shock from the ICDS programme leads to boys receiving 0.022-0.026 more vaccinations on average than girls. This is 48-58% of the above estimate of the programme effect.
Results
Columns (3)- (5) in Tables 5, 6 , and 7 report the results after disaggregating the treatment effect by duration of coverage in years using three-way interaction terms. Column (3) divides the duration of treatment into five-year categories, column (4) into four-year categories, and column (5) into two-year categories. In each column the programme-gender interaction is the residual category, representing the shortest period of treatment. This is 0-5 years of treatment in column (3), 0-4 years of treatment in column (4), and 0-2 years of treatment in column (5). In Table 5 we find a strongly significant, negative coefficient on the programme-gender interaction in columns (3), (4), and (5). This indicates that girls receive significantly fewer vaccinations than boys when the ICDS centre has been present in the village for a short period of time. In each column we also find that girls receive significantly more vaccinations than boys when they reside in villages that have been covered by the programme for more than 12-16 years. This is evidence of boys being vaccinated first in the initial years of coverage, and girls being vaccinated later. However, this specification does not control for regional effects at the level of the village, which could be correlated with programme coverage, so we move to the results in Table 6 .
The results from the village fixed effects specification in Table 6 also show that girls receive significantly fewer vaccinations than boys in the initial years of programme coverage in columns (3) and (4). The size of the significant coefficients on the programme-gender interaction is actually larger in these columns compared to those in Table 5 once village-level regional effects that influence the programme impact are controlled for. The same is true for the interaction term for 16-20 years reasonably confident that they are not biased by the exclusion of this regressor. Notes: Robust standard errors are reported in parentheses. Additional regressors include mother's educational attainment, mother's current age, education and age interaction terms, birth order and sibling composition variables, religion and caste fixed effects, birth year fixed effects, and child health endowment variables. ** Significant at 1% ; * Significant at 5%. Notes: Robust standard errors clustered at the village level are reported in parentheses. Additional regressors include mother's educational attainment, mother's current age, education and age interaction terms, birth order and sibling composition variables, religion and caste fixed effects, birth year fixed effects, and child health endowment variables. ** Significant at 1% ; * Significant at 5%. Notes: Robust standard errors clustered at the village level are reported in parentheses. Additional regressors include mother's educational attainment, mother's current age, education and age interaction terms, birth order and sibling composition variables, religion and caste fixed effects, birth year fixed effects, and child health endowment variables. Mother's age at birth is omitted from the regressors. ** Significant at 1% ; * Significant at 5%.
of coverage in column (3). In columns (3) and (4) it appears that girls have levels of immunisation similar to boys in villages that have been covered by the programme for approximately 5-15 years, and receive more vaccinations than boys in villages that have been covered for longer. The evidence again points to boys being immunised before girls in the initial years of programme coverage, with girls catching up later. The two-year categories are too small to pick up gender differentials in treatment with village fixed effects, so all the interaction terms are insignificant in column (5). While we cannot compare the magnitudes of the coefficients from the household fixed effect specification in Table 7 to those in Tables 5 and 6 , within this subsample of households we find the same pattern of results. The programme-gender interaction is negative and significant in columns (3), (4), and (5) indicating disproportionately greater immunisation of boys in the initial years of ICDS programme coverage. In villages that have received longer periods of treatment, girls receive either similar or greater levels of immunisation. 8
Robustness Checks
Our results are subject to weakness if the ICDS programme is placed first in areas where gender bias in child health investments is most severe. This would mean our results are being driven by reverse causality. There is nothing in the programme literature to indicate that the timing of the introduction of the programme to villages is influenced by regional conditions, including gender bias in health investments. However, to ensure that this is not the case, we run placebo fixed effect OLS regressions with the same specification, but with months of breastfeeding as the dependent variable. There is a well documented gender bias against girls in breastfeeding in India. Implementing these regressions can alleviate the concern that the policy is targeted, and also eliminate the possibility that the results are driven by unobservables that are simultaneously correlated with gender bias and the ICDS coverage variables. The results are presented in Table 8 . 9 The disadvantage to female chil-dren in breastfeeding is evident in the results from the specification without the ICDS programme indicators in the first column. However, none of the programmerelated regressors are significant in the regressions with months of breastfeeding as the dependent variable. These results support the hypothesis that the programme is not targeted to areas with higher gender bias.
Regarding the concern of omitted wealth variables, there has not been a significant amount of empirical research on the effect of poverty on gender discrimination in India. Within the literature that exists, there is a tentative hypothesis that gender bias is less severe in poorer households (Krishnaji (1987); Miller (1993); Dasgupta (1993) ). Others have argued that poverty is not a significant determinant of gender bias (Das Gupta (1987) ). Rose (1999) presents evidence that income shocks have a greater adverse effect on female child survival probabilities in rural landless households than in those with land holdings. However this provides little insight on how existing levels of gender bias vary by household wealth status prior to these income shocks. Murthi et al. (1995) find that female child survival probabilities improve with greater household poverty, lending further support to the notion that gender bias is more intense at higher levels of income. However it is difficult to conclusively accept this hypothesis without more empirical investigation.
To alleviate concerns that omitted wealth variables or other unobservables potentially correlated with treatment biasing our own results, we exploit the age differences between the children in our sample to perform a difference-in-differences (DID) robustness check. Since the children are meant to receive all nine vaccinations by the age of nine months, it is highly likely that the majority of older children do not receive immunisations via the ICDS programme in villages where coverage has only recently been introduced. We therefore take a sub-sample of children and divide them into two groups: those who were born in 2004-06 and those born in 2001-02. We then also divide these children into two groups based on their treatment status: those who do not have ICDS coverage and those who received programme coverage beginning in 2004-06. We then take the difference in mean vaccinations across age groups and again across treatment groups to arrive at a DID estimate of the ICDS programme effect. This estimate is based on the assumption that most of the children born in 2001-02 do not receive treatment if they live in villages where the programme was introduced in 2004 or later, making them a suitable control group for comparison with those who are young enough to be treated. We perform the DID procedure separately for boys and girls, and report the results in Table 9 . We find a positive and significant programme effect of 0.46 vaccinations for boys in Panel A, but no effect for girls in Panel B. This is further evidence suggesting that boys are immunised first in the initial years of programme coverage, widening the gender difference in immunisation levels. To control further for within-household differences in education, wealth, and other factors we run the full specification in (1) with state fixed effects on both age-group samples and re-port the results in Table 10 . We still find a gender difference of 0.06 vaccinations in favour of boys due to the programme in the younger sub-sample which is significant at the 10% level after adding the full set of regressors. There is no such difference as a result of programme coverage in the older group. 10
Discussion
Our results indicate that households that receive ICDS coverage have little or no access to child immunisations before the supply shock. The increase in supply and accompanying fall in price therefore cause not only the total number of vaccinations to increase, but also the gender difference in vaccinations. However the gender differential that is created by the increase in supply disappears over time. From the evidence the likeliest mechanism by which the gender disparity increases is that households immunise their sons before their daughters in the initial stages of exposure to the ICDS programme. Daughters and sons are immunised on a more equal basis in areas where the programme has been in operation for longer. Deolalikar (2004) also found similar results for the ICDS programme effect on malnutrition, with boys having 5% less probability of being malnourished but no such effect for girls. The policy implications of these results are important with regard to commitment and length of planned health interventions. In countries such as India where gender bias in child health investment is endemic, a sudden increase in healthcare supply where availability was previously low may have adverse effects on equality in the short run. However if the increase in supply is sustained over time, equality in health investment levels is reestablished, ostensibly at a higher 10 We run additional robustness checks, the results of which are not reported. To control for the gender-specific effects of other policies on immunisation, we estimate the specification again after including state indicators interacted with the gender dummy. This is the best we can do without more specific village-level information on additional government policies. After including the stategender interaction terms the pattern and significance of the results do not change, which allows greater confidence in their validity. To also rule out possible problems due to programme targeting we use data from the previous two waves of the DHS surveys in India to implement an OLS estimation of the number of ICDS centres in each state in 1998-99 on the mean immunisation level, and also the difference in mean vaccinations between girls and boys in each state in 1992-93. To capture the fact that the programme is targeted to low income households, we include the state average as well as the average gender difference in child weight-age percentile in 1992-93. The estimates reveal that ICDS centres appear to be targeted to areas with the lowest mean vaccination and weightage percentile levels. However neither the gender difference in mean immunisation nor the gender difference in weight-age percentile are significant in determining the number of ICDS centres. The results tables from these additional robustness checks are available from the author upon request. level of investment than previous to the supply shock. Hence policy interventions such as the ICDS programme which are permanent or sufficiently long lasting can achieve higher child health investment levels with only short term consequences for inequality.
The findings of our analysis mirror those presented in Oster (2009a) . Oster examines the effect of a continuous increase in healthcare supply measured by health camps on gender inequality in immunisation in India, and finds that at initial levels of the supply increase inequality worsens. As supply continues to increase the inequality eventually dissipates. In our case, a permanent increase in availability of vaccines via the ICDS programme represents a long term, invariant shock in supply. However the household response to the supply shock over time is identical to the response found by Oster to an increase in supply itself. Both sets of results suggest that households respond to initial and uncertain increases in healthcare supply by insuring their sons against illness first, as boys are seen to be more valuable than girls. Daughters are then later vaccinated when supply increases further or when the initial increase is seen to be more than just temporary. Robust standard errors are in parentheses. *** Significant at 1% ; ** Significant at 5%; * Significant at 10%
The implications of gender biased immunisation rates for the future gender ratio in India have been discussed to some extent in the existing literature. Oster (2009b) argues that gender differences in immunisation are responsible for upto between 20 to 30 percent of the childhood mortality difference between boys and girls, including when each of seven immunisations is analysed separately. Indeed, it is possible that gender discrimination in childhood health inputs are responsible for the missing Indian women in older age groups as calculated in Anderson and Ray (2008) . The authors argue that the bulk of these older missing women can be attributed to a gender differential in susceptibility to infectious disease. It is very possible that gender discrimination in childhood immunisations plays a large part in creating this greater vulnerability to disease in adult Indian women. Lee (2005) has shown that immunisation has a tremendous negative impact on child and infant mortality rates in India. The study estimates that after controlling for various selection mechanisms in the demand for health care, full immunisation reduces the probability of child mortality by 80-95% and partial immunisation by 75-80%. 11 Given that our estimated ICDS programme effect is approximately 0.05 vaccinations and that the programme has reached 46 million children, the less optimistic results from Lee (2005) would mean that the programme has saved 1.72-1.84 million children. 12 Our estimates of gender bias in immunisation increases due to the programme indicate that approximately 70% of these children are boys.
There are of course positive externalities from immunisation in the form of restricted spread of disease which perhaps make the net effect of biased immunisation coverage on mortality less unequal. Nevertheless, given the severity of the gender ratio imbalance in India, it is vital that healthcare policy interventions are designed to deal with such gender discrimination. The results from our analysis suggest that a long term, stable supply of immunisations is an effective means of tackling childhood mortality without worsening the gender ratio further. Temporary or sporadic increases in supply however create a potential trade off between these two concerns, as lower childhood mortality may only be achieved at the cost of a more adverse gender ratio in the population.
